Baboons are widely used in biomedical research but their size and behaviour present potential problems with accessibility. A unique system has been developed that ensures ease of access to all animals in a colony of Papio'hamadryas. Two distinct caging complexes were linked by a network of overhead races, that are connected to a physical restraint area where individual animals could be separated, restrained and weighed without being handled. Access to and separation of individual family groups was achieved in this manner. This race system proved to be time effective, simple, sturdy, safe and hygienic.
Papio hamadryas are large, potentially aggressive nonhuman primates which are commonly used in biomedical research (Fridman 1988) . The successful use of these animals in biomedical research requires consideration for the following: safety, efficiency, ease of handling, and welfare of the animals (Watts 1985) . In the past, movement of baboons required close physical contact between animals and handlers. Due to the baboons strength, it is essential to have an effective and secure means of moving these animals that also involved the minimum amount of stress or risk to both animal and handler. An average adult male weighs 20 kg while the female weighs 12kg (Osman Hill 1970) , the male also possesses large canine teeth (> 5 cm in length) which can potentially inflict serious wounds. The aim of this study was to investigate the efficiency and safety of an Correspondence to: Kelli Holmes, Department of Renal Medicine. Royal Prince Alfred Hospital, Missenden Rd, Camperdown, 2050, Australia; Tel: (612) 515 8784, Fax (612) 5156250 Accepted 21 Novem ber 1995 integrated cage network and interconnecting race system in the routine management of these baboons. This system facilitated animal movements that were required for health screening, transfer of ill animals, daily assessment and control of experimental animals and movement of pregnant females for various reproductive protocols.
Materials and methods
The colony setting consisted of two main complexes ('old' and 'new') where the baboons were housed, a central testing area and an onsite laboratory. The housing and success of colony management have been described previously (Maclean 1987) . Home cages consisted of an indoor, outdoor and exercise area in the two complexes [ Fig. I ). The various areas of the home cage were connected by the race system. The race system also connected colony home cages in both complexes and the central testing area. There were two large exercise gravel yards, in the old complex, used for animals recovering from illness, injury or surgery to allow physical isolation. plan. An aerial map of the colony, featuring the new and old complexes, gravel yards, indoor houses, exercise yards, race system, three-way junction and triangle yard
In each complex, the cage leading to the race system acted as a sorting cage. In the new complex there was a three-way junction connected to the sorting cage (Fig. 2) . The main overhead race had 5 guillotine doors that were several metres apart and led into the central testing area. A walkway was provided along the length of the race, to allow staff to accompany the animals but providing a physical barrier ( Fig. 3 ). An extra race was attached to the third door of the junction box which led to a small triangular gravel yard and this rejoined the overhead section midway via another door.
The race linked the gravel yards with the concrete areas ( Fig. I) , as well as connecting two housing complexes with the central testing area. It was constructed of 5 mm galvanized steel mesh. The mesh was rolled into a square tunnel 45 cm x 85 cm in dimension. The overhead section was bolted on top of the complex. In other areas it was attached onto the cage wire. This system was designed and constructed on site.
It was possible using this system to move a one male unit (a discrete social group in this species) from their home cage to the sorting cage in each complex. Animals could be run along the race to the exercise yards, the central testing area and therefore the physical restraint area, see Fig. 1 . At no point was it necessary for the staff to be in the cage with the animal. Most baboons learned this routine very quickly_ Those that were reluctant to run were usually coaxed with positive reinforcement (food rewards).
The central testing area contained the physical restraint area with a weight station, a squeeze cage and two entry points to the race system ( Fig. 41 . The central testing area was situated in the old complex. The physical restraint area was a continuous series of cages with a sliding door between each cage ( Fig. 51 . One of these cages had been equipped with electronic scales (Ruddweigh, KM-I Electronic weighing system, Australial. The animal's weight was displayed digitally. The squeeze cage was a standard squeeze-back with a mobile back wall connected to two handles. The series of sliding doors were fitted with spring loaded latches for quick and easy movement. These latches required downward pressure to unlock the door thus releasing the animal into the next section of the cage. They lock immediately when the pressure is released to prevent animals escaping. The door was then closed and locked behind the baboon to prevent backtracking or remixing with cage mates. The front door of the squeeze cage could be opened and the animal moved into a mobile cage for transportation or lifted out if anaesthetized. The entire physical re-'straint area was elevated 70 cm off a concrete floor and consisted of 5 mm galvanized steel mesh on a steel frame. This allowed ease of cleaning and handling of animals by staff. The race system was used to health screen the entire colony and to assess injured or sick animals when required. It was used daily to assess and treat diabetic baboons requiring insulin and blood sugar monitoring. The system was also used intermittently to examine pregnant females that required separation from a breeding group.
Results
The usefulness of this race system has been assessed in terms of colony health screening, care of diabetics and utilization for reproduction research.
Health screening
The entire population of the colony, 160 baboons, was health screened. This involved removing groups from their home cages to the central testing area via the main overhead race system. The series of guillotine doors allowed 3 cage groups (8 animals/group) in the race without mixing. The size of the race allowed the largest males to move with minimal restriction on social behaviour. The three-way junction allowed groups of animals to be sorted and the triangular yard allowed flexibility and options. Alternatively, separation of single animals was achieved by running them into the race or the triangular yard as required. Whole groups could be moved into the physical restraint area and an animal could be selected. In the physical restraint area the animals were weighed at the weigh station and anaesthetized in the squeeze cage. Familiar cage mates were in close proximity at all times. The height of the physical restraint area off the ground prevented the animals sitting in their own waste and allowed ease of cleaning. Once anaesthetized the animal could be easily removed from the door at the front of the squeeze cage to the testing bench. Each animal had a physical examination, blood taken, a tetanus immunization, tuberculosis skin screening (Mantoux) test and a subcutaneous antihe1mintic injection (Ivermectin) given. Each animal was recovered in its home cage. During the routine testing no animals escaped and only minor injuries were encountered in two adult males. By using this race system animals of all ages were successfully screened in 2 days or a total of 16 hours. This is approximately 10 baboons per hour. This compares favourably to previous years where the colony of 99 animals was screened over 5 days or 40 hours or 2 to 3 animals per hour.
The race system was also useful in day to day colony management. If an injured animal was identified in a home cage, the whole group was transferred into the overhead race system and the affected animal was separated. They could then be moved to the central testing area and examined with or without anaesthesia. The exercise yard was used for prolonged observation during the recovery period.
Care of diabetics
The colony maintained a number of experimental diabetic baboons. Each required daily blood sugar monitoring and daily subuctaneous injections of insulin. The race system enabled these animals to be moved from the home cage to the central testing area and individually identified. In the physical restraint area, the squeeze cage allowed each animal to be held quietly while capillary blood was collected and insulin administered. The whole group could be returned to the home ((age in 1 hour, representing 5 min testing per animal. The physical condition and behaviour of each animal could therefore be monitored.
Utilization for reproduction research
The movement of pregnant or lactating females was necessary for intermittent experimental protocols e.g. reproductive physiology studies. All pregnant females were utilized in research projects, 20 per year, Holmes et al. requiring frequent movements to and from the home cage. They remained in the home cage for the majority of the pregnancy. The entire one male unit IOMU) was moved to the sorting cage or central testing area via the overhead race. Both selected individuals and whole groups moved in this way did not otherwise alter the organization of the breeding OMU. From here the animals could be separated as requiredj the triangular yard, three-way junction box and sections of the race provided numerous options for sorting. It was also possible for newborn infants to be examined and returned immediately to the lactating mother. Examination of females postpartum was possible as the unweaned infant remained with the mother throughout.
Discussion
In this colony of baboons the housing was based on their social organization with separated family groups. Other colonies have a corral arrangement, where family groups are not housed separately (Goodwin 1982) . In order to maintain the group separation and access individual animals as required, a series of caging options was provided. The race system allowed access to each individual cage and prevented the mixing of breeding units while moving (Birrell et al. 1994) . This interconnecting race system permitted social contact of animals temporarily separated, by sight, vocalization and grooming through the mesh walls. In other systems where primates are isolated stress levels are increased (Else et al. 1986 ). This poses particular problems when pregnant females are being separated. This system of connecting raceways allowed individual animals to be examined with minimal stress, in close proximity to the OMU thus reducing the risk of abortion and increasing reproductive success (Else et al. 1986) . This system was ideal for social behaviour where close contact and grooming are important (Anderson 1979) . For example, an adult male in a breeding situation will co-operate as it is possible to contact his females. The success of this method was indicated by the fact that no mixing of any groups occurred during the study. The main overhead section allowed the staff to be nearby in case of an emergency or to offer positive reinforcement when required. It was possible, with this system, for the animals to accompany a handler without contact, to the Physical Restraint Area. This, therefore, reduced stress on the animal, is safe for the staff and requires minimal time for operation.
The physical restraint area allowed detailed testing, weighing, examining, injecting, blood collecting and handling with minimal stress to the animal. It was also possible to weigh . each animal individually prior to administering a parenteral agent (e.g. anaesthetic, insulin, antibiotic), if necessary, so the dose could be suitably adjusted. The animals were observed during their recovery period to ensure any post anaesthetic complications could be dealt with immediately. As this section could, transiently hold up to 20 baboons it is resilient, impenetrable and unbreakable, thus the wire here is much stronger and rigid for added security. The height of the physical restraint area allowed easy removal of an anaesthetized baboon from the squeeze cage without the risk of injury to staff or animals.
The baboons ran to the required area if they could see an opening. The regular use of this system allowed the animals to be trained and familiarized thus enabling easy movement (Phillippi-Falkenstein 1991) . Positive reinforcement (food rewards) and their previous knowledge of the routine was used to move them around the complex.
This race system has proven to be time effective, simple, sturdy, safe and hygienic in the movement of P. hamadryas. The sexual dimorphism (Osman Hill 19701of this species, with large potentially aggressive males presents a problem to staff safety. The care of experimental animals was enchanced by this easy access system. When planning a colony of captive primates, accessibility and ease of handling must be considered and for experimental use the following are recommended, 1. Because Papio hamadryas are large and strong there must be adequate room for free movement in the race. 331 2. The race system must be durable, that is it must be able to withstand frequent washing and elminative behaviour. 3. It must be safe for the animals and staff, having no sharp edges and be secured to a stable surface. 4. It must be lockable to prevent escape.
Therefore it is vital that doors and hatches cannot be opened by inquisitive hands. S. It must be practical, thus easy to maintain and repair. The design must be easy to work with, therefore minimizing the amount of time required to move animals.
The system we have described fulfils all of the above requirements.
